The giant tabular iceberg A68 broke away from the Larsen C Ice Shelf, Antarctic Peninsula, in July 2017. The evolution of A68 would have been affected by both the Larsen C Ice Shelf, the surrounding sea ice, and the nearby shallow seafloor. In this study, we analyze the initial evolution of iceberg A68A-the largest originating from A68-in terms of changes in its area, drift speed, rotation, and freeboard using Sentinel-1 synthetic aperture radar (SAR) images and CryoSat-2 SAR/Interferometric Radar Altimeter observations. The area of iceberg A68A sharply decreased in mid-August 2017 and mid-May 2018 via large calving events. In September 2018, its surface area increased, possibly due to its longitudinal stretching by melting of surrounding sea ice. The decrease in the area of A68A was only 2% over 1.5 years. A68A was relatively stationary until mid-July 2018, while it was surrounded by the Larsen C Ice Shelf front and a high concentration of sea ice, and when its movement was interrupted by the shallow seabed. The iceberg passed through a bay-shaped region in front of the Larsen C Ice Shelf after July 2018, showing a nearly circular motion with higher speed and greater rotation. Drift was mainly inherited from its rotation, because it was still located near the Bawden Ice Rise and could not pass through by the shallow seabed. The freeboard of iceberg A68A decreased at an average rate of −0.80 ± 0.29 m/year during February-November 2018, which could have been due to basal melting by warm seawater in the Antarctic summer and increasing relative velocity of iceberg and ocean currents in the winter of that year. The freeboard of the iceberg measured using CryoSat-2 could represent the returned signal from the snow surface on the iceberg. Based on this, the average rate of thickness change was estimated at −12.89 ± 3.34 m/year during the study period considering an average rate of snow accumulation of 0.82 ± 0.06 m/year predicted by reanalysis data from the Modern-Era Retrospective analysis for Research and Applications, version 2 (MERRA-2). The results of this study reveal the initial evolution mechanism of iceberg A68A, which cannot yet drift freely due to the surrounding terrain and sea ice.
Introduction
An iceberg is a freely floating mass of ice calved from a glacier, ice shelf, or larger iceberg. Many icebergs exist around Antarctica and they travel the Southern Ocean via ocean currents and atmospheric winds [1] [2] [3] . Monitoring of the icebergs is very important because their evolution can produce fresh meltwater into the ocean, which has a profound impact on sea ice formation [4, 5] , ocean circulation [1, 6] , marine ecosystems [7] [8] [9] , and ship navigation [10] . Moreover, the evolutionary processes of icebergs can be key to finding causes of the on-going decay of the Antarctic ice shelves with the ocean and sea level change [11] .
the Larsen C Ice Shelf, it split into two major pieces-A68A and A68B. Iceberg A68B is the smaller of the two, with an area of 90 km 2 , and accounts for only 2% of the total area of A68 (Figure 1) . In this study, we focus on iceberg A68A. Iceberg A68A is expected to show complex dynamics as it is surrounded by the Larsen C Ice Shelf at its back and by highly concentrated sea ice in front. Moreover, the seabed elevations (elevation below sea level) near Bawden and Gipps Ice Rises, located at the north and south of the iceberg, are higher than -300 m (Figure 1 ), which might interfere with the drift of A68A. Figure 1 . Sentinel-1A synthetic aperture radar (SAR) image for the study area (rectangle in the inset) obtained on 28 July 2017 overlaid with contour of seafloor from Bedmap2 in the polar stereographic projection. Points P1, P2, P3, and P4 on the edges of the iceberg have hardly show any calving. Drift speed and rotation of the iceberg were calculated at P1 and P2. The stretching rates of the iceberg were measured along the straight lines connecting the points P1 and P2, and P3 and P4, respectively. Sentinel-1A synthetic aperture radar (SAR) image for the study area (rectangle in the inset) obtained on 28 July 2017 overlaid with contour of seafloor from Bedmap2 in the polar stereographic projection. Points P1, P2, P3, and P4 on the edges of the iceberg have hardly show any calving. Drift speed and rotation of the iceberg were calculated at P1 and P2. The stretching rates of the iceberg were measured along the straight lines connecting the points P1 and P2, and P3 and P4, respectively.
Data
A total of 78 Sentinel-1 SAR images were obtained for A68A from 22 July 2017 to 29 November 2018, which were used to estimate area and drift. The two Sentinel-1 constellation satellites (Sentinel-1A and 1B) are equipped with C-band SAR with a center frequency of 5.405 GHz [24] . Each satellite has a temporal resolution of 12 days, while the satellite constellation follows the same ground track and can thus provide images for the same area every six days. All Sentinel-1 SAR images were obtained with HH-polarization in the Extra Wide swath mode, which captures an area of 400 × 400 km with a spatial resolution of 20 × 40 m (range × azimuth).
CryoSat-2 SIRAL (Ku-band RA with a center frequency of 13.575 GHz) surface elevation profiles were used to estimate the freeboard of iceberg A68A. The repeat cycle of CryoSat-2 is 369 days with a 30-day sub-cycle [19] . The along-track spacing of CryoSat-2 is approximately 350 m and the across-track spacing is less than 2.5 km, at 70 S, with footprint of roughly 300 m and 1.5 km, respectively [19, 25] , which provides high-density data for estimating freeboard. Over the margins of ice sheets and mountain glaciers, CryoSat-2 is operating in SAR Interferometric (SARIn) mode, which provides more accurate topography information in steep areas than previously operated RA systems [19, 25, 26 ]. The CryoSat-2 level 2 Baseline C data in SARIn mode were used, which covered iceberg A68A during the Sentinel-1 SAR observation period. We used the EIGEN-6C4 Geoid [27] , DTU12MDT mean dynamic topography [28] , and Circum-Antarctic Tidal Simulation Inverse tide model version 2008 (CATS2008a) [29] to correct the freeboard of the iceberg, converted from the ellipsoidal iceberg surface elevation provided by the CryoSat-2 Level 2 data.
The 10-m air temperature, 10-m wind speed, and snow depth around A68A were predicted from Modern-Era Retrospective analysis for Research and Applications, version 2 (MERRA-2) reanalysis data [30] , using a grid size resolution of 0.5 • × 0.625 • (latitude × longitude) to analyze the effects of environmental factors on iceberg changes. MERRA-2 has the latest atmospheric reanalysis data produced by NASA's Global Modeling and Assimilation Office (GMAO), which provides a long-term record of global atmosphere since 1980. Air temperature and wind speed can affect iceberg area and drift, respectively. Snow depth was considered in the analysis of iceberg freeboard change assuming CryoSat-2 Ku-band SIRAL might not penetrate snow cover on the iceberg A68A owing to high firn densification which is causative of low penetration depth of the radar signal [19] .
To investigate the relationship between iceberg evolution and submarine topography, seabed elevation data from Bedmap2 [31] were used with a 1-km grid size. Bedmap2 incorporates a number of Antarctic sub-ice shelf and deep ocean bathymetry datasets provided by British Antarctic Survey.
Methods
The area of iceberg A68A was measured by delineating its boundary from the Sentinel-1 SAR images. The boundary of iceberg can be automatically delineated from SAR image by using well-known edge filters or object-based iceberg detection methods [15, 18, 32] . However, the automatic detection techniques might produce incorrect result when there is low brightness contrast between the iceberg and the surroundings [15] . In several Sentinel-1 SAR images obtained in summer, iceberg A68A appeared as dark as the surrounding sea ice due to snowfall or ice surface melting (see Figure 4b ) and would not be delineated correctly by the automatic detection techniques. For these reasons, the area of iceberg A68A was extracted by carefully digitizing the boundary of the iceberg captured in the Sentinel-1A/B SAR images based on visual inspection. The uncertainty in the iceberg area was calculated as the standard deviation of the area derived from repeatedly digitizing the same image by a single operator [33] . The drift speed and rotation angle of the iceberg were calculated by measuring the locations of the iceberg in consecutive SAR images. We calculated drift speed and rotation angle at the center of the iceberg, and points on the northern and southern edges of the iceberg (P1 and P2 in Figure 1 ) where there have hardly been any collapses so far. The locations of P3 and P4 have also hardly calved during the observation period. The changes in lengths of P1-P2 and P3-P4 with respect to time were calculated to analyze the stretching of the iceberg.
The freeboards of A68A were derived from the CryoSat-2 profiles inside the boundary of the iceberg identified from the Sentinel-1 SAR images acquired on the same dates. The time difference of a few hours between the CryoSat-2 and Sentinel-1 observations was disregarded as the iceberg moves less than 100 meters per hour (see Section 4) . To correct for the potential errors in the ellipsoidal surface elevation of A68A as measured by the CryoSat-2, we applied the freeboard measurements method described in [25] . For this, the ellipsoidal iceberg surface elevation was converted to the freeboard value using EIGEN-6C4 Geoid, in which changes in sea surface height by non-tidal and tidal effects are corrected using the DTU12MDT and CATS2008a models, respectively. The freeboard of the iceberg A68A was derived from CryoSat-2 observations assuming that the iceberg is in the hydrostatic equilibrium state.
The CryoSat-2 freeboard profile on 8 September 2017 was plotted over the Sentinel-1A SAR image acquired on the same date ( Figure 2 ). Other CryoSat-2 profiles acquired on different dates were relocated to the location of A68A on 8 September 2017 based on the drift speed and rotation angle of the iceberg (Figure 2 ). The freeboard changes were calculated at the intersections of the CryoSat-2 profiles, with a total time span of more than 180 days. We derived the linear fitting of each freeboard profile using the least squares method to define the intersections of different profiles. The mean and standard deviation of freeboard values for each profile located within a radius of 1.5 km from the point of the intersection were used to calculate freeboard change. Averaging the freeboard values within the 1.5 km radius can reduce systematic errors in the CryoSat-2 observations, and the calculated standard deviations can be regarded as a measure of freeboard uncertainty [17] .
If the iceberg is in a hydrostatic equilibrium state, the change in ice thickness (∆Z) can be estimated by [34] 
where ∆e is the change in freeboard, ∆δ is the change in snow depth and firn densification, ρ i is the ice density, ρ w is the sea water density, and ρ s is the snow/firn density, respectively [25, 34] . The density of ice and sea water has been assumed as 917 kg/m 3 and 1027-1030 kg/m 3 , respectively, in many studies on thickness estimation of the Antarctic ice shelves from the freeboard measurements by satellite altimetry [25, [35] [36] [37] [38] . We used 917 kg/m 3 and 1027 kg/m 3 as the density of ice and water. Snow density of 300 kg/m 3 [34] was used in this study. The change in firn densification should also be considered in the estimation of iceberg thickness change from the freeboards. However, snow depth predicted by MERRA-2 used in this study does not fully reflect the firn densification and there is no information about changes in firn densification of iceberg A68A. Nevertheless, we estimated the changes in thickness of iceberg A68A, ignoring the changes in firn densification. This is because the change in firn densification around the West Antarctic ice shelves is approximately only −2.7 cm/year [39] which is significantly smaller than the freeboard changes in iceberg A68A (see Section 4). The volume loss of iceberg A68A caused by the thickness changes was also analyzed in this study. Changes in the area, drift speed, rotation angle, and freeboard of iceberg A68A were analyzed with the environmental factors predicted from the MERRA-2 reanalysis fields and seabed topography from Bedmap2. This enabled us to assess the possible causes of iceberg evolution. 
Results and Discussion
The area of iceberg A68A was 5786.3 km 2 when it was initially formed (Figure 1 and Figure 3a ). Its area decreased by 35 km 2 in mid-August 2017, when ice pieces broke away (Figure 4a ), and then remained almost constant until mid-May 2018. In mid-May 2018, another large ice chunk calved (Figure 4c ) and the area of A68A dramatically decreased to 5620 km 2 . There was little subsequent change in the area of the iceberg until September 2018 in which the area slightly increased by approximately 30 km 2 . Large ice chunks were concentrated on the northern part of the iceberg, with little separation of debris in other parts (Figure 4a and 4c) . Calving occurs by the extension of cracks on the top and bottom surfaces of icebergs, which can be caused by increases in air and sea surface temperatures, wind, and current drag forces, and via interaction with the surrounding topography [17, 40] . However, the observed trends in air temperature predicted by the MERRA-2 reanalysis data did not match changes in iceberg area ( Figure 3a) . As A68A was surrounded by sea ice throughout the observation period, we did not compare changes in iceberg area with sea surface temperature. In August 2017 and May 2018, when the large ice chunks calved from A68A, southerly winds blew at 6-12 m/s ( Figure 5 ), which were strong enough to move the iceberg north and to break the surrounding packed sea ice [41] . However, the iceberg hardly moved as the iceberg collided with the coastline of the Larsen C Ice Shelf and the shallow seabed near the Bawden Ice Rise (Figure 1 ). This created ice fragments in the northern part of the iceberg via crack extension on the top and bottom surfaces. 
The area of iceberg A68A was 5786.3 km 2 when it was initially formed (Figures 1 and 3a) . Its area decreased by 35 km 2 in mid-August 2017, when ice pieces broke away (Figure 4a) , and then remained almost constant until mid-May 2018. In mid-May 2018, another large ice chunk calved (Figure 4c ) and the area of A68A dramatically decreased to 5620 km 2 . There was little subsequent change in the area of the iceberg until September 2018 in which the area slightly increased by approximately 30 km 2 . Large ice chunks were concentrated on the northern part of the iceberg, with little separation of debris in other parts (Figure 4a,c) . Calving occurs by the extension of cracks on the top and bottom surfaces of icebergs, which can be caused by increases in air and sea surface temperatures, wind, and current drag forces, and via interaction with the surrounding topography [17, 40] . However, the observed trends in air temperature predicted by the MERRA-2 reanalysis data did not match changes in iceberg area ( Figure 3a) . As A68A was surrounded by sea ice throughout the observation period, we did not compare changes in iceberg area with sea surface temperature. In August 2017 and May 2018, when the large ice chunks calved from A68A, southerly winds blew at 6-12 m/s (Figure 5 ), which were strong enough to move the iceberg north and to break the surrounding packed sea ice [41] . However, the iceberg hardly moved as the iceberg collided with the coastline of the Larsen C Ice Shelf and the shallow seabed near the Bawden Ice Rise (Figure 1 ). This created ice fragments in the northern part of the iceberg via crack extension on the top and bottom surfaces. Remote Sens. 2019, 11 FOR PEER REVIEW 7 It is worth noting that the increase in iceberg area was measured in September 2018. This was likely caused by error in the visual digitization of SAR images or by an actual increase in surface area due to the longitudinal stretching of the iceberg. The digitizing errors calculated as the standard deviations of the repeatedly measured iceberg areas from the same images through visual inspection were small, ranging from 2.7 to 7.8 km 2 . There were no significant calving events after mid-May 2018. Longitudinal stretching of ice mass is possible if external restraining forces on its boundaries are small or not present [42, 43] . Ice shelves experience similar longitudinal stretching and thinning Remote Sens. 2019, 11, 404 8 of 14 when they lose buttressing forces due to unpinning or iceberg calving [44] . The observation of A68A shows that the sea ice in the northwestern region of A68A started to disappear since July 2018 (Figure 4) . We suspect that this reduced the external restraining forces on the iceberg and caused longitudinal stretching in the horizontal direction. The horizontal stretching can occur around the iceberg. We measured the stretching rate along the straight line connecting the points P1 and P2, and P3 and P4 from the six SAR images in Figure 4 . The stretching rates were smaller than 0.008/year before July 2018 (Figure 4b-d) . However, the rates increased sharply from July to September 2018, showing the value of 0.013 /year and 0.026 /year along the line P1-P2 and P3-P4, respectively (Figure 4e ). This suggests that the measured increase resulted from an increase in the area of the iceberg due to the longitudinal stretching after August 2018. The area of A68A at the end of November 2018 was 5660.1 km 2 , which was just 2% less than at the time of its formation.
It is worth noting that the increase in iceberg area was measured in September 2018. This was likely caused by error in the visual digitization of SAR images or by an actual increase in surface area due to the longitudinal stretching of the iceberg. The digitizing errors calculated as the standard deviations of the repeatedly measured iceberg areas from the same images through visual inspection were small, ranging from 2.7 to 7.8 km 2 . There were no significant calving events after mid-May 2018. Longitudinal stretching of ice mass is possible if external restraining forces on its boundaries are small or not present [42, 43] . Ice shelves experience similar longitudinal stretching and thinning when they lose buttressing forces due to unpinning or iceberg calving [44] . The observation of A68A shows that the sea ice in the northwestern region of A68A started to disappear since July 2018 (Figure 4) . We suspect that this reduced the external restraining forces on the iceberg and caused longitudinal stretching in the horizontal direction. The horizontal stretching can occur around the iceberg. We measured the stretching rate along the straight line connecting the points P1 and P2, and P3 and P4 from the six SAR images in Figure 4 . The stretching rates were smaller than 0.008 /year before July 2018 (Figure 4b-4d) . However, the rates increased sharply from July to September 2018, showing the value of 0.013 /year and 0.026 /year along the line P1-P2 and P3-P4, respectively (Figure 4e ). This suggests that the measured increase resulted from an increase in the area of the iceberg due to the longitudinal stretching after August 2018. The area of A68A at the end of November 2018 was 5660.1 km 2 , which was just 2% less than at the time of its formation. Prior to mid-July 2018, drift speed at the center of iceberg and rotation angle were generally less than 2 km/day and ±1 • /day (the positive value of rotation angle indicates a counter-clockwise rotation), respectively (Figure 3b) . The northern and southern part of the iceberg (the location of P1 and P2, respectively, in Figure 1 ) also showed very low drift speed before mid-July 2018 (Figure 3c ). This was driven by strong easterly and southerly winds (Figure 5b) , the high concentration of sea ice and the front of the Larsen C Ice Shelf that limited the movement and rotation of A68A. During July 2017-August 2018, the prevailing wind directions were the north and the mean wind speeds were 4-7 m/s (Figure 3c ). The iceberg gradually moved northward due to southerly winds and finally emerged from the front of Larsen C Ice Shelf in July 2018 (Figure 4d ). Iceberg A68A moved faster after mid-July 2018, especially in the southern part of the iceberg (Figure 3b,c) , and showed nearly circular motion. A68A escaped from the bay-shaped region, but the northern part of the iceberg remains near to the Bawden Ice Rise (Figure 4e-f) . Therefore, rotation in a counter-clockwise direction has only occurred (Figure 3b ) even though westerly winds were becoming more and more frequent (Figures 3c and 5b) .
As outlined above, the movement of iceberg A68A was likely interrupted by the shallow seabed, specifically nearby the Bawden Ice Rise. The assumption of hydrostatic equilibrium cannot be valid when the iceberg is pinned to the shallow seabed. However, movement of the iceberg was only limited by the ice rise and it continued to drift. Therefore, we assumed that the ice rise had only a small effect on the hydrostatic equilibrium state of the iceberg.
Freeboard changes for A68A derived from the CryoSat-2 observations are shown in Table 1 . Most of the freeboard change values calculated using the CryoSat-2 observations on 8 September 2017 and 30 January 2018 as a reference (intersections 1-9 in Table 1) Table 1) were mostly negative, however, with an averaging change of −0.80 ± 0.29 m/year. A positive value indicates that the freeboard is rising during the observation period, i.e., ice thickening is occurring. As an iceberg is completely detached from the grounded ice sheet and ice shelf, its thickness naturally decreases due to basal melting and surface sublimation/ablation [17, 45, 46] . CryoSat-2 SIRAL uses the Ku-band that might measure the maximum return from the snow surface on the iceberg A68A due to high densification of snow/firn layer [19] . Figure 6 shows the increase in snow depth for a region of the Larsen C Ice Shelf near iceberg A68A, as predicted by the MERRA-2 reanalysis data. The snow depth in this region continued to increase during the entire observation period, except for January-February 2018 when a small reduction was observed. The linear fitting of the changes in snow depth shows that the rate of increase rate was 0.82 ± 0.06 m/year. Therefore, the increase in the freeboard of iceberg A68A (using the 8 September 2017 and 30 January 2018 reference values) was likely the result of increased snow depth on the ice surface and not ice thickening, and the thickness of the iceberg possibly remained constant until January 2018.
The decrease in the freeboard of A68A after February 2018 indicates that the iceberg thinning rate was greater than the rate of snow depth increase. In other words, the thickness of A68A has decreased dramatically since February 2018. This likely reflects warm seawater during the Antarctic summer, and an increase in the relative velocity of the iceberg resulting from drift in winter (Figure 3b ) promoted the basal melting [17, 45] . The longitudinal stretching of the iceberg after August 2018 could also contribute to the decrease in the freeboard as it is accompanied by ice thinning [44] . Assuming that CryoSat-2 observations reflect the maximum radar returns from the snow surface on the iceberg, the averaging rate of thickness change during February-November 2018 was calculated as −12.89 ± 3.34 m/year from Equation (1) based on an averaging snow depth change of 0.82 ± 0.06 m/year. The thickness changes of the iceberg could be influenced by the changes in firn densification and basal melting. The effect of the changes in firn densification on the freeboard change is much smaller than basal melting of iceberg [45] . Zwally et al. [39] showed that the change in firn compaction in the West Antarctic ice shelves is −2.7 cm/year. Therefore, the thinning of iceberg A68A was mainly attributed to basal melting. Assuming that the ice thinning rate and thickness (300 m from Bedmap2) were constant over the whole iceberg, the volume loss of the iceberg caused by both calving and basal melting was approximately 1.12 × 10 5 tons. Figure 6 . Monthly averaged snow depth on glaciated area around iceberg A68A predicted by the MERRA-2. N is the number of data points.
According to the Sentinel-1 observations, A68A was still located near the Bawden Ice Rise as of the end of November 2018, and it is rotating without significant movement (Figure 4 ). This is probably because the western part of the iceberg is not free to move past the ice rise. It is not easy to predict when A68A will drift away from the ice rise. However, as summer approaches, its rate of thinning will increase, which will make the ice rise less effective. A68A might also move further out to ocean when strong westerly winds blow, after which it will drift at a much faster rate, and its area and thickness will decrease more rapidly.
Although we observed changes over a period of only 1.5 years, the initial evolution of iceberg A68A could be analyzed, characterized by drift that was limited by complex terrain and the surrounding sea ice.
Conclusion
The evolution of iceberg A68A, a giant tabular iceberg calved from the Larsen C Ice Shelf in July 2017, was analyzed in terms of area, drift speed, rotation, and freeboard using Sentinel-1 SAR images, CryoSat-2 profiles, and environmental factors predicted by the MERRA-2 reanalysis data. The iceberg showed little change in area over time, except in mid-August 2017 and mid-May 2018 when it decreased sharply due to ice calving, and in September 2018 when it increased possibly due According to the Sentinel-1 observations, A68A was still located near the Bawden Ice Rise as of the end of November 2018, and it is rotating without significant movement (Figure 4 ). This is probably because the western part of the iceberg is not free to move past the ice rise. It is not easy to predict when A68A will drift away from the ice rise. However, as summer approaches, its rate of thinning will increase, which will make the ice rise less effective. A68A might also move further out to ocean when strong westerly winds blow, after which it will drift at a much faster rate, and its area and thickness will decrease more rapidly.
Conclusions
The evolution of iceberg A68A, a giant tabular iceberg calved from the Larsen C Ice Shelf in July 2017, was analyzed in terms of area, drift speed, rotation, and freeboard using Sentinel-1 SAR images, CryoSat-2 profiles, and environmental factors predicted by the MERRA-2 reanalysis data. The iceberg showed little change in area over time, except in mid-August 2017 and mid-May 2018 when it decreased sharply due to ice calving, and in September 2018 when it increased possibly due to its longitudinal stretching by melting of surrounding sea ice. Air temperature trends had little effect on iceberg area. At the end of November 2018, the iceberg area (5660.1 km 2 ) was just 2% less than at the time of formation (5786.3 km 2 ). The drift speed and rotation of the iceberg prior to mid-July 2018 were very small due of the drift being interrupted by the Larsen C Ice Shelf, a high concentration of surrounding sea ice, and a shallow seabed. The iceberg escaped from the bay-shaped region in front of the Larsen C Ice Shelf in mid-July 2018, but only rotated without significant movement due to the shallow seabed near the Bawden Ice Rise. The iceberg freeboard measured using CryoSat-2 observations has dramatically decreased since February 2018 (−0.80 ± 0.29 m/year) owing to basal melting by warm seawater in summer and an increasing relative velocity in winter 2018. The longitudinal stretching could also contribute to the decrease in freeboard. Considering the increase in snow depth, and assuming that the maximum radar return measured by CryoSat-2 is from the snow surface on the iceberg (0.82 ± 0.06 m/year), the rate of thickness change was estimated to be −12.89 ± 3.34 m/year between February and November 2018. The volume loss of the iceberg by the ice thinning and calving was approximately 1.12 × 10 5 tons.
These observations reflect the initial evolution of a large tabular iceberg that is unable to drift freely due to surrounding terrain and sea ice. The study demonstrates how Sentinel-1 SAR and CryoSat-2 SIRAL observations can be very useful for investigating the evolution of icebergs. In the near future, iceberg A68A is expected to show much larger-scale changes than have been observed so far. Future study will analyze the influence of such rapid changes on the Antarctic Peninsula marine environment and the flow characteristics of the Larsen C Ice Shelf. 
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